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(54) Method and apparatus for fabricating quantum dot structures 



(57) The present invention Is to fabricate a quantum 
dot functional structure having uitra-f ine particles homo- 
geneously distributed In a transparent medium by effi- 
ciently fabricating high-purity ultra-fine particles having 
a single particle diameter and uniform structure and de- 
positing the ultra-fine particles onto a substrate in con- 
junction with the transparent medium. For these purpos- 
es, an apparatus forfabrlcating a quantum dot functional 
structure is provided. The apparatus comprises: an ul- 
tra-fine particle generating chamber for generating high- 
purity ultra-fine particles by exciting a semiconductor 
target with pulsed laser light in a low-pressure rare gas 



atmosphere, and then by allowing ttie semiconductor 
target to be detached or ejected by ablation reaction and 
condensed and grown in the gas; an ultra-fine particle 
classifying chamber for classifying the ultra-fine parti- 
cles; a depositing chamber for depositing the high-purity 
semiconductor ultra-fine particles and the transparent 
medium by exciting a transparent medium target with 
excimer laser light at the same time or alternately when 
the high-purity semiconductor ultra-fine particles are 
collected onto the substrate, and by collecting the sub- 
stance generated through ablation reaction onto the 
substrate; and a c^nier gas exhaust system. 
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D scrlptlon 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present Invention relates to methods and 
apparatuses for fabricating quantum dot functional 
structures, quantum dot functional stmctures, and opti- 
cally functioning devices. More particularly, the present 
invention relates to a method and an apparatus for fab- 
ricating a quantum dot functional structure, a quantum 
dot functional structure, and an optically functioning de- 
vice, which provide the following outstanding features. 
The features make it possible to control the diameter of 
and alleviate the contamination of ultra-fine particles 
that are expected to provide various functions resulting 
from the quantum size effects. The features also mal<e 
it possible to provide an improved efficiency for the op- 
tically functioning device fabricated using a quantum dot 
functional stmcture, In the transparent medium of which 
the ultra-fine particles are distn'buted homogeneously. 

Description of the Prior Art 

[0002] To employ semiconductor ultra-fine particles 
formed of Si families of tV materials for use In an opti- 
cally functioning device that can emit light in the visible 
spectrum, it is indispensable to provide spherical ultra- 
fine particles which are controlled on the order of one 
nanometer in diameter. Moreover, the laser ablation 
method is preferably applied to the fabrication of the ul- 
tra-fine particles on the order of one nanometer in diam- 
eter. 

[0003] For example, Fig.1 is a conceptual view depict- 
ing an apparatus, disclosed in Japanese Patent Disclo- 
sure Mo. 9-275075, for applying the laser ablation meth- 
od to a conventional target material to fabricate ultra- 
fine particles by deposition. 

[0004] Referring to Fig.1 , a laser light beam is emitted 
from an excimer laser source 1 and travels through an 
optical system constituted by a slit 2, a condenser lens 
3, a mirror 4, and a laser light Inlet window 5 to be guided 
into a vacuum reaction chamber 6, where the laser light 
beam is focused on and thus radiates the surface of a 
target material 8 placed in a target holder 7, which is 
an-anged inside the vacuum reaction chamber 6. 
[0005] I n addition, there is arranged a deposition sub- 
strate 9 in a direction normal to the surface of the target 
material 8. Substances detached or ejected from the tar- 
get material 8 by laser ablation are captured or depos- 
ited on the deposition substrate 9. 
[0006] An explanation will be given below in more de- 
tail to a case where samiconductoxultra-flne particles 
are fabricated with Si being employed as the target ma- 
terial in th apparatus configured as described abov . 
[0007] First, the vacuum reaction chamb r 6 is 
pumped down to an ultra-high vacuum of pr ssure 1 X 



lO^Torr by means of an ultra-high vacuum exhaust sys- 
tem 1 0, which is mainly constituted by a turbo-molecular 
pump, and then the ultra-high vacuum exhaust system 
10 is closed. 

5 [0008] Subsequently, a helium (IHe) gas is introduced 
through a rare-gas guide line 11 into the vacuum reac- 
tion chamber 6. The vacuum reaction chamber 6 Is held 
at a constant pressure (of 1 ,0 to 20.0 Ton) with the low- 
pressure rare gas (He), the flow of which is controlled 

10 by means of a mass-flow controller 1 2 and which is dif- 
ferentially exhausted by means of a differential exhaugt 
system 13 mainly consisting of a dry rotary pump. In the 
He gas atmosphere kept at a pressure of a few Torr, the 
surface of the target material is radiated with a laser light 

f5 beam of a high-energy density (e.g., 1 .OJ/cm^ or great- 
er) to cause the substances to be detached or ejected 
from the target material. 

[0009] The detached substance gives kinetic energy 
to the sun-ounding gas molecules, whbh are in tum 
20 urged to condense and grow in the gas atmosphere into 
ultra-fine partk:les of a few to a few tens of nanometers 
In diameter, the ultra-fine particles being deposited on 
the deposition substrate 9. 

[0010] Originally, since the IV-group semiconductors 
25 are an indirect bandgap material, their bandgap transi- 
tions cannot be dispensed with phonons. The materials 
naturally cause much heat to be generated in their re- 
combination, thus providing significantly decreased ra- 
diative recombination probability. However, the material 
30 shaped in ultra-fine partk^les having a diameter of a few 
nanometers causes the wave number selection rule to 
be relaxed in bandgap transittons and the oscillator 
strength to be increased. This In tum increases the prob- 
ability of occunence of radiative electron-hole pair re- 
35 combination, thereby making It possible to provide in- 
tense light emission. 

[0011] Here, the wavelength of emitted light (I.e., the 
energy of emitted photons) is controlled by making use 
of an Increase In absorption edge emission energy (cor- 

40 responding to bandgap Eg) provided by the quantum 
confinement effect resulted from a decrease in diameter 
of ultra-fine particles. Flg.2 is an explanatory graph 
showing the correlation between the diameter of the 
aforementioned ultra-fine particles and the ak>sorption 

45 edge emission energy thereof. 

[0012] That is, to emit light at a single wavelength, it 
is indispensable to make the diameter of the ultra-fine 
particles uniform. If ultra-fine particles of a diameter cor- 
responding to the emission wavelength can be gener- 

50 ated and deposited within as nanow a diameter distri- 
bution as possible, it is made possible to fabricate an 
optically functioning device for emitting light of a single 
color. 

[001 3] As described in the aforementioned prior art, it 
55 is required to generate and deposit ultra-fine particles 
having a particle diam ter distribution controlled to pro- 
vld a singi diameter of a few nanometers in order to 
fabricate an optk:ally functioning devk:e for emitting light 
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at a single wavelength using semiconduct r uitra-fin 
particles. 

[0014] The prior art malces rt possible to control the 
mean particle diameter by selecting as appropriat the 
pressure of an atmospheric rare gas or the distance be- 
tweenth target material and the deposition substrat . 
However, the prior art provides a still broad particle di- 
ameter distribution. Thus, it is difficult to obtain semicon- 
ductor ultra-fine particles of a uniform diameter distribu- 
tion having, for example, a geometric standard deviation 
o g of 1 .2 or less. 

[0015] That is, this means that more aggressh^e par- 
ticle diameter control is required. In addition, nm-sized 
ultra-fine particles are very sensitive to the contamina- 
tion of impurities or defects due to their high surface at- 
om ratio (e.g., about 40% at a particle diameter of 5nm}. 
[0016] That is, it Is required to provide a dean and 
damage-less process as a method for generating and 
depositing the particles. Moreover, adhering and depos- 
iting semiconductor ultra-fine particles directly onto a 
deposition substrate as in the prior art would tend to re- 
sult in a thin film of a porous structure formed of a deposit 
of ultra-fine particles. 

[0017] Suppose that electrodes are connected to 
such a porous structure to allow it to function as an op- 
tically functioning device, in this case, it may be required 
to optimize the structure somehow. On the other hand, 
in order to derive the quantum size effect originally pro- 
vided for spherical ultra-fine particles to Implement a 
new optical function representative of light emission, fur- 
ther optimized shape and structure may be required 
such as a structure having particles distributed homo- 
geneously in a stable transparent medium. 
[0018] In addition, since nm-sized ultra-fine particles 
have a very sensitive surface as described above, it may 
become necessary to form a quantum dot functional 
structure having the particles being homogeneously dis- 
tributed in a stable transparent medium. 
[001 9] In addition, in order to obtain fine particles hav- 
ing a specified particle diameter, a fine particle classifier 
may be used for classifying the diameter of fine particles 
using the mobility which is dependent on the particle di- 
ameter. Such a fine particle classifier has been used for 
perfomnance test of high-performance air filters for col- 
lecting and separating sub-micron fine particles with 
high efficiency, and for generating standard fine parti- 
cles and measuring the particle diameter upon monitor- 
ing of cleaned atmosphere. The mobility employed for 
classifying the diameter of particles includes mainly the 
electrical mobility of charged particles in an electro-stat- 
ic field and the dynamic mobility caused by gravitational 
force. In addition, the aforementioned fine particle clas- 
sifier has two main structures: a double cylinder and a 
disk type structure. 

[0020] Fig. 3 is a schematic view illustrating the struc- 
ture of a prior-art differential electrical mobility classifier, 
introduced in Japanese Journal of Aerosol R s arch 
Vol. 2. No. 2, pi 06 (1987) or in Japanese Joumal of 



Powd r Engineering Society Vol.21. No.12. p753 
(1984). This diff rential electrical mobility classifier has 
a doubl cylindrical structur comprising an outer cylin- 
der (of radius R1 ) 1 9 and an inner cylinder (of radius R2) 

5 20 disposed insid th outer cylinder 19 concentrically 
with the outer cylinder 19. Referring to Fig.3, charged 
fine particles 21 are transported by a canier gas 22 to 
flow into the double cylinder classifier from the upper 
end portion thereof to be mixed with clean air or a sheath 

10 gas 23 flowing therein. The mixture gas of the charged 
fine particles 21 and the sheath gas 23 flows as a lam- 
inar flow over a length of L through the double cylinder 
portion. An electrostatic field is applied to this double 
cylinder portion with a direct cun^ent power supply 24 in 

15 a direction perpendicular to the fiow of said mixture gas. 
This causes the charged fine particles 21 to draw an or-| 
bit In accordance With the electrical mobility of each par-l 
tide. Since said electrical mobility is dependent on the! 
diameter of fine particles, only those fine particles hav- 

20 jng a specific diameter arrive at a lower slit 25 and then 
are classified to be talcen out of a canier gas exhaust 
vent 26. The fine particles of other diameters are ex- 
hausted from a sheath gas exhaust vent 27 in conjurx;- 
tion with the sheath gas 23 or caused to move to and 

25 adhere to an inner colledor eledrode 28. 

[0021] On the other hand, as a prior art fine particle 
dassifier, a dynamic mobiRty dassifier having a disk 
strudure is disdosed in Japanese Patent Disclosure 
No. 9-269288. Fig.4 is a schematic view illustrating the 

30 strudure of the dynamic mobility dassifier of the afore- 
menttoned disk type. 

[0022] This disk-type dynamic mobility classifier com- 
prises a disk-shaped upper disk31 , a disk-shaped lower 
disk 32 disposed opposite to and spaced apart by a pre- 

35 determined distance from the upper disk 31 , and a par- 
ticle collector portion 33 attached to the lower disk 32 
and disposed opposite to the upper disk 31 . There Is 
fomned a cylindrical central sudion dud 34, having an 
opening at one end thereof, on the central portion of the 

40 upper disk 31 . There are formed a plurality of holes or 
slits 35 for introducing a canier gas in the vicinity of the 
rim portion of the disk in the outward radial direction from 
the central sudion dud 34. The lower disk 32 is provided 
with substantially the same diameter as that of the upper 

45 disk 31 and disposed generally in concentric relation- 
ship therewith. There are formed a plurality of holes or 
slits 36 for emitting a carrier gas on a portion apart by a 
predetemnined distance in the outward radial direction 
fi'om the center of the lower disk 32. The slits 35 provid- 

50 ed on the upper disk 31 and the slits 36 provided on the 
lower disk 32 are a plurality of slits formed in an annular 
shape along a predetemnined circumference, spaced 
apart at certain intervals. The distance radially outward 
from the center of the disk to the position of the slits 36 

55 provided on the tower disk 32 is designed to be less than 
the distance radially outward from th cent r of the disk 
to th slits 35 provided on th upper disk 31 . Between 
til upper disk 31 and th tow r disk 32, there is defined 
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a space or a classifying r glon 37. On the central portion 
ofth parttcl collector portion 33, there Is formed a cy- 
lindrical withdrawal duct 38 having an op ning at on 
ndth reof.Th particle collector portion 33 is adapted 
todlscharg classified fin particles from th withdrawal 
duct 38 in conjunction with the canier gas. 
[0023] Refem'ng to Fig.4, the classifying region 37 Is 
fonned in a space defined between the upper disk 31 
and the lower disk 32, an^nged to be concentric and 
parallel to each other. A sheath gas or an air flow 39 is 
introduced into the classifying region 37 from the periph- 
ery of the upper and lower disks 31 , 32, being supplied 
from the outer rim inwardly in the radial direction. The 
air flow 39 takes place as a centripetal laminar flow 
through the classifying region 37 and is exhausted from 
the central suction duct 34 (indicated by an^ow A1 in Fig. 
4). Fine particles 40 are transported with a carrier gas 
41 to be guided from the slits 35 provided on the upper 
disk 31 into the classifying region 37. The fine particles 
40. whk:h have been guided from the slits 35 provided 
on the upper disk 31 into the classifying region 37, are 
moved with the airflow 39 toward the center axis as well 
as drop from the upper disk 31 toward the lower disk 32 
due to the gravitational field. Since the drop speed is 
dependent on the diameter of the fine particles 40, only 
those fine parttoles having a certain diameter are al- 
lowed to reach the slits 36 arranged on the lower disk 
32, thus being classified and taken out of the withdrawal 
duct 38 (indicated by an-ow A2 in Fig.4). The particles 
having other diameters are exhausted from the central 
suction duot 34 in conjunction with the air flow or moved 
to the lower disk 32 to adhere to the surface thereof. 
[0024] In the field of such fine particle classification 
technology, known is that the physical properties of ul- 
tra-fine particles having diameters from a few to a few 
tens of nanometers vary depending on the particle di- 
ameter. For example, the energy gap of semk^onductor 
ultra-fine particles increases as the partble diameter de- 
creases. Attempts have been made to create new de- 
vices by making use of the physbal properties of the 
aforementioned semiconductor ultra-fine partteles. As a 
substance for forming the aforementioned new devtoe. 
Si has receh^ed attention. In this context, attempts have 
been made to create ultra-fine partteles of Si having di- 
ameters from a few to a few tens of nanometers by mak- 
ing use of the pulse laser ablation in a rare gas. To create 
a new device employing the SI ultra-fine particles, It Is 
necessary to classify the SI ultra-fine particles having 
various diameters on the order of a few to a few tens of 
nanometers and thus extract those Si ultra-fine particles 
having a narrow particle diameter distribution enough to 
regard the parttoles as having a single diameter In ad- 
dition, the mean particle diameter of the SI ultra-fine par- 
ticles to be classified can be preferably varied. 
[0025] On the other hand, the prior art disk type dy- 
namte mobility classifi r shown in Fig. 4 is adapt d to 
classify fin parttoles having generally sub-mtoron diam- 
eters, employing the gravitational field for classifying the 



particle diam t r. Sine the gravitational fi Id is con- 
stant, it is necessary to vary the flow rate of the air flow 
39 in order to vary th m anpartici diameter of the ul- 
tra-fine particles b ing classified. A variation in mean 

5 particle diameter f nm-slzed ultra-fin particles re- 
quires a fine variation in flow rate of the aforementtoned 
air flow 39. It is extremely difficult to control this fine var- 
iation in flow rate and to stabilize the flow rate. 
[0026] Furthermore, in order to classify ultra-fine par- 

10 tides having sub-micron or less diameters without In- 
creasing the size of the aforementioned disk type dy- 
namic mobility classifier (i.e., without increasing the pro- 
jective distance of the annually fomned slits 35, 36), it is 
necessary to apply a force greater in magnitude than 

IS the gravitational force to the ultra-fine particles In a di- 
rection perpendkxilarto a sheath gas flow orthe airflow 
39 (in the direction from the upper disk 31 to the tower 
disk 32) in the classifying region 37. 
[0027] in addition, as a method for improving the clas- 

20 sifbation resolution of the ultra-fine partbles, such aj 
technique is available that increases the classifying re- 
gion from one staoe to multipig^tages to increase the 
number of times of classification. Refening to the double 
cylinder classifier shown in Fig.3, for exarriple, the dou- 1 

25 ble cylinder classifier described in the Japanese Joumal 
of Powder Engineering Society Vol.21, No. 12, p753 
(1 984) has the dimensions of the classifying region of L 
- 400mm, R2 = 1 5mm, and R1 = 25mm. In this context, 
suppose a cylindrical classifying region is further added | 

30 to the outer periphery of the aforementioned double cyl- 
inder classifier to provide multiple stages of the classi- 
fying region. In this case, the overall dimensions of the 
classifier would be significantly increased. Therefore, it 
is necessary to employ a structure other than that of the 

35 double cylinder type to make the overall dimensions of 
the classifier small. 

SUMMARY OF THE INVENTION 

40 [0028] In order to solve the aforementioned prior art 
problems, the apparatus for fabricating a quantum dot 
functional structure according to the present Invention 
is constructed as follows. That is. the apparatus com- 
prises a fine particle generating chamber for generating 

45 ultra-fine particles by laser ablation and a fine particle 
classifying chamber for classifying the ultra-fine parti- 
cles according to their particle diameters. The apparatus 
also comprises a transparent medium generating cham- 
ber for generating a transparent medium by laser abla- 

50 tlon and a depositing chamber for depositing the ultra- 
fine particles onto a substrate and embedding the par- 
ticles In the transparent medium at the same time. 
[0029] With this apparatus, it is made possible to ef- 
ficiently fabricate high-purity ultra-fine partk:les having 

55 a single particle diameter and unifomn structure with 
their contamination and damag being alleviated. It is 
also made possible tod posltthepartk^esontoth sub- 
strat In conjunc^on with the transparent medium and 
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thusfabricat an optically functioning device mploying, 
as an activ layer, a quantum dot functional structur 
having the ultra-fin particles homogen ously distribut- 
ed in th transparent medium. 
[0030] As various embodiments according to th 
present invention configured as described above, the 
present Invention provides an apparatus for fabricating 
a quantum dot functional structure characterized by be- 
ing constructed as follows. That Is, the apparatus com- 
prises a fine particle generating chamber for generating 
fine particles and a fine particle classifying chamber for 
classifying fine particles generated in the fine particle 
generating chamber according to a desired particle di- 
ameter in a gas. The apparatus also comprises gas ex- 
haust means for exhausting a gas for transporting the 
fine particles and transparent medium generating 
means for generating a transparent medium. The appa- 
ratus further comprises a depositing chamber for col- 
lecting fine particles classified in the fine particle classi- 
fying chamber onto a substrate as well as for collecting 
a transparent medium generated by the transparent me- 
dium generating means onto the substrate and for de- 
positing the classified fine particles and the transparent 
medium onto the sut)strate. This makes it possible to 
efficiently fabricate high-purity ultra-fine particles having 
a single particle diameter and uniform structure with 
their contamination and damage being alleviated. It is 
also made possible to deposit the particles onto the sub- 
strate in conjunction with the transparent medium at the 
same time and thus fabricate an optically functioning de- 
vice employing, as an active layer, a quantum dot func- 
tional structure having the ultra-fine particles homoge- 
neously distributed In the transparent medium. 
[0031] The present invention also provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized by further comprising first transparent 
medium generating means arranged in the depositing 
chamber, and a second independent transparent medi- 
um generating chamber as the transparent medium 
generating means. For example, this can prevent fine 
particles of a material susceptible to oxidation from be- 
ing oxidized when such a material is used as the trans- 
parent medium that can make the atmosphere near the 
deposition substrate oxidative upon generation of the 
transparent medium. Thus, the present invention can 
extend the range of selection of materials for fabricating 
a quantum dot functional structure. 
[0032] The present invention also provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized in that the fine particle generating cham- 
ber, the fine particle classifying chamber, and a transport 
path of fine particles in the depositing chamber are con- 
structed on a straight line. Thus, the apparatus can pre- 
vent the exhaust condu(^nce of a transport path from 
being reduced upon transportation of ultra-fine particles 
in a gas and the ultra-fine particles from being d posit d 
in th transport path upon transportation of the particles, 
thereby leading to an improvement in yield of the parti- 



cles. 

[0033] The pres nt invention also provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized in that the pressure of the fine particle 

5 generating chamb randth pressur ofth depositing 
chamber are controlled independently. Thus, the appa- 
ratus can control with accuracy the pressure for gener- 
ating the ultra-fine particles and the transparent medium 
at the optimum value for each material, thereby making 

10 It possible to control with accuracy the structure and 
phystoal properties of the quantum dot functional stmc- 
ture. 

[0034] The present invention also provides an appa- 
ratus for fabricating a quantum dot functional stmcture, 

IS characterized In that the gas exhaust means is control- 
led in accordance with the pressure of the depositing 
chancer. This makes it possible to provide a larger dif- 
ference in pressure between the fine particle generating 
chamber and the depositing chamber, thereby improv- 

20 ing the transport efficiency of the ultra-fine paritk:les. 
[0035] The present invention also, provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized in that the substrate in the depositing 
chamber is rotatable with respect to a direction of dep- 

25 osition of the fine particles and transparent medium. 
This makes it possible to improve the deposition effi- 
ciency when the ultra-fine parttefes and the transparent 
medium are alternately deposited. 
[0036] The present invention also provides an appa- 

30 ratus for fabricating a quantum dot functional structure, 
characterized by further comprising a temperature con-, 
trol mechanism being capable of maintaining a transportl 
path of fine particles at a constant temperature. This can ] 
prevent the ultra-fine partbies from being deposited in 

35 the transport pipe by themio-phoresis effect, also pre- 
venting the mutual cohesion of the ultra-fine partk;les. 
[0037] The present invention also provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized in that at least one of the fine particles and 

^ the transparent medium is generated using laser abla- 
tion, and a plasma plume produced upon generation is 
observed using a charge coupled devk:e. The apparatus 
allows the laser ablation to be observed In real time, 
thereby making it possible to detenmine the stability of 

^ the laser ablation upon generation of the ultra-fine par- 
ticles and transparent medium. 
[0038] The present invention also provides an appa- 
ratus for fabricating a quantum dot functional structure, 
characterized in that at least one of the generated fine 

50 particles and the transparent medium is radiated with 
ultraviolet light to observe fiuorescent light. The appa- 
ratus allows for observing in real time the process of 
generating the ultra-fine particles and the transparent 
medium, making it possible to effteiently capture the ul- 

55 tra-fine particles into the fine particle classifying cham- 
b r as well as effbientty d posit th transparent medi- 
um. 

[0039] The present invention also provides a quantum 
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dot functional structure fabricated by th aforemen- 
tioned apparatus for fabricating a quantum dot function- 
al structure. Thus, it Is made possibi to realize an p- 
tically functioning device employing an active layer with 
astnjctur having the ultra-fineparticl s homogeneous- 
ly distributed in a stable transparent medium. 
[0040] The present invention also provides an optical- 
ly functioning device employing the aforementioned 
quantum dot functional structure as an active layer, 
thereby making it possible to improve the efficiency 
when compared with that of the prior art. 
[0041] The present invention also provides a method 
for fabricating a quantum dot functional structure, char- 
acterized by comprising the steps of generating fine par- 
ticles; classifying the fine particles generated according 
to a desired particle diameter in a gas; exhausting a gas 
for transporting the fine particles after the classifying 
step; collecting the classified fine particles onto a sub- 
strate and generating a transparent medium at the same 
time; and depositing the classified fine particles and the 
transparent medium onto the substrate at the same 
time. The method makes it possible to efficiently fabri- 
cate high-purity ultra-fine particles having a single par- 
ticle diameter and uniform structure with their contami- 
nation and damage being alleviated. It is also made pos- 
sible to deposit the particles onto the substrate in con- 
junction with the transparent medium at the same time 
and thus fabricate an optically functioning device em- 
ploying, as an active layer, a quantum dot functional 
structure having the ultra-fine particles homogeneously 
distributed in the transparent medium. 
[0042] The present invention also provides a method 
for fabricating a quantum dot funationai structure, char- 
acterized in that the transparent medium is generated 
using, at the same time or alternately, any one of or both 
first transparent medium generating means, disposed 
in a depositing chamber for depositing the fine partbles 
and the transparent medium, and second transparent 
medium generating means arranged independently. For 
example, this can prevent fine particles of a material 
susceptible to oxidation from being oxidized when such 
a material is used as the transparent medium that can 
make the atmosphere near the deposition substrate ox- 
idativo upon generation of the transparent medium. 
Thus, the present invention can extend the range of se- 
lection of materials for fabricating a quantum dot func- 
tional structure. 

[0043] The present invention also provides a method 
for fabricating a quantum dot functional structure, char- 
acterized in that the fine particles and the transparent 
medium are controlled independentiy of each other so 
that each pressure upon generation thereof becomes 
optimum at the same time, and thereby generated. 
Thus, the method can control with accuracy the pres- 
sure for generating the ultra-fine particles and the trans- 
parent m dium at the optimum value for each material, 
thereby making It possible to control with accuracy th 
structur and physk^al properties of the quantum dot 



functional stmctur . 

[0044] The pres nt inventk>n also provides a method 
for fabricating a quantum dot functional structur , char- 
acteriz d in that th gas for transporting fine particles is 

5 exhausted, afterthe step of classifying th fin particles, 
In accordance with a pressure of the depositing cham- 
ber for depositing the fine particles and the transparent 
medium onto the substrate. This makes it possible to 
provide a larger difference in pressure between the fine 

10 particle generating chamber and the depositing cham- 
ber, thereby improving the transport effk:iency of the ul- 
tra-fine particles. 

[0045] The present invention also provides a method 
for fabricating a quantum dot functional structure, char- 

is acterized by further comprising the step of maintaining 
a path of the fine partbles at a constant temperature 
after the step of classifying the fine partbles. This can 
prevent the ultra-fine particles from being deposited in 
the transport pipe by themno-phoresis effect, also pre- 

20 venting the mutual cohesion of the ultra-fine partbles. 
[0046] The present invention also provides a method 
for fabricating a quantum dot functional structure, char- 
acterized by further comprising the step of observing, 
using a charge coupled device, a plasma plume pro- 

25 duced when at least one of the fine partbles and the 
transparent medium Is generated using laser ablation. 
The method allows the laser ablation to be observed in 
real time, tiiereby making it possible to detemiine the 
stability of the laser ablation upon generation of the ul- 

30 tra-fine particles and transparent medium. 

[0047] The present invention also provides a method 
for fabricating a quantum dot functional structure, char- 
acterized by further comprising the step of observing flu- 
orescent light from the fine particles and the transparent 

35 medium, emitted when at least one of the fine particles 
and the transparent medium is radiated with ultraviolet 
light upon generation thereof. Thus, It is made possible 
to observe in real time the process of generating the ul- 
tima-fine particles, leading to an improved deposition ef- 

40 ficiency. 

[0048] The present invention also provides a quantum 
dot functional stnjcture fabrbated by the aforemen- 
tioned method for fabricating a quantum dot functional 
sti-ucture. Thus, it is made possible to realize an optically 

45 functioning device employing an active layer with a 
sti^ucture having the ultra-fine partbles homogeneously 
distributed in a stable transparent medium. 
[0049] The present invention also provides an optical- 
ly functioning device employing the aforementioned 

50 quantum dot functional structure as an active layer, 
thereby making it possible to improve the efficiency 
when compared with that of the prior art. 
[0050] As described above, according to the present 
invention, nm-sized, high-purity ultra-fine particles hav- 

55 ing a single diameter and unifomn structure can be fab- 
ricat deffici ntly with their contamination and damag 
being alleviated and deposited on a deposition sub- 
sti^ate. In addition, it is also made possible to fabricate 
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an opticalty functioning d vie which employs as th ac- 
tive lay r th quantum dot functional structure having 
the ultra-fine particles distributed homogen ously in the 
stable transparent medium. 

[0051] Furthemrior , as an improvement of a disic type 5 
dynamic mobility classifier that can be Incorporated into 
the apparatus for fabricating a quantum dot functional 
structure, the present invention allows a direct cun^ent 
voltage to be applied between the upper and lower 
disks. This makes it possible to establish an electrostatic io 
field in the vertical direction in a classifying region (in a 
direction perpendicular to an air flow). Thus, when fine 
partteles are charged which are introduced into the 
aforementioned disk type dynamic mobility classifier, it 
is made possible to classify the charged fine partrcles is 
not according to the dynamic mobility caused by the 
gravitational field but according to the electrical mobility 
caused by the electrostatic field. Increasing the direct 
current voltage applied between the upper and lower 
disks makes it possible to produce an electrostatic force 20 
that is greater than the gravitational force. This makes 
it possible to classify nm-sized ultra-fine partteles with- 
out increasing the aforementioned disk type dynamic 
mobility classifier in size (without increasing the annular 
guide slits and the projection distance of the annular 25 
slits). 

[0052] Furthemnore, varying the direct current voltage 
applied between the upper and lower disks makes it 
possible to change the strength of the electrostatic field 
with accuracy. Thus, this also makes it possible to vary 30 
the mean particle diameter upon classiftoation of nm- 
sized charged ultra^ine particles at a constant flow rate 
of air 

[0053] Furthennore, in the aforementioned disk type 
dynamic mobility classifier, the classifying region is co- 35 
natituted by multiple stages instead of one stage. This 
makes it possible to reduce the size of the overall clas- 
sifier and improve the classifying resolution of nm-sized 
charged ultra-fine partkHes. More specifically, a third 
disk is arranged on the lower portion of the lower disk "to 
of the aforementioned disk type dynamic mobility das- 
sifier» concentrically in parallel thereto. A space between 
the k>wer disk and the third disk Is employed as a second 
stage classifying region. In the same manner as this, a 
fourth disk, a fifth disk, ... are arranged to define a third ^ 
stage classifying region, a fourth stage classifying 
region, .... 

[0054] As described above, according to the present 
invention, a disk type dynamic mobility classifier is im- 
plemented in which a direct current voltage can be ap- so 
plied between upper and lower disks and whk^h is pro- 
vided with a multi-stage classifying region, thereby pro- 
viding a disk type ultra-fine parttole classifier for classi- 
fying nm-sized ultra-fine parttoles with good resolution. 
[0055] Accordingly, it is a first object of the present in- 55 
V ntion to provid an apparatus for fabricating a quan- 
tum dot functional stmcture, in which nm-sized high-pu- 
rity ultra-fine partk:les having a single diameter and uni- 



form structur can b fabricated effici ntly with their 
contamination and damage being alleviated and depos- 
ited on a deposition substrat .In addition, th apparatus 
makes it possible to fabricate an optically functioning de- 
vfeewhrch employs as th active lay rth quantum dot 
functional structure having th ultra-fine partk^les dis- 
tributed homogeneously In the stable transparent medi- 
um. 

[0056] In addition, it is a second object of the present 
invention to provide an ultra-fine particle classifier which 
can classify nm-sized ultra-fine particles with good res- 
olution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00571 These objects and advantages of the present 
invention will become clear from the following descrip- 
tion on the embodiments with reference to the accom- 
panying drawings, wherein: 

Fig. 1 1s a conceptual view Illustrating a prior art ap- 
paratus for fabricating and depositing ultra-fine par- 
ticles; 

Fig. 2 is a graph illustrating the absorption edge 
emission energy being increased due to the quan- 
tum confinement effect with decreasing diameter of 
the ultra-fine particles; 

Fig. 3 is a schemata view illustrating the structure 
of a prior art differential electrk^al mobility classifier 
of a double cylinder structure; 
Fig, 4 is a schematk^ view illustrating the structure 
of a prior art disk type dynamic mobility classifier; 
Rg. 5 Is a view illustrating the overall configuration 
of a quantum dot functional structure fabricating ap- 
paratus according to an embodiment of the present 
invention; 

Rg.6 is a sectional viewillustroting theconf iguration 
of an ultra-fine particle generating chamber accord- 
ing to an embodiment of the present invention; 
Fig. 7 is a sectional view illustrating the configura- 
tion of an ultra-fine particle classifying chamber ac- 
cording to an embodiment of the present invention; 
Fig.8 Is a sectional view illustrating the configuration 
of a depositing chamber and a transparent medium 
generating chamber according to an embodiment 
of the present invention; 

Fig.9 is a sectional view illustrating the configuration 
of a quantum dot functional structure according to 
an embodiment of the present invention; 
Fig.10 is a sectional view illustrating a charging 
chamber according to an embodiment of the 
present invention; 

Fig. 11 is a view illustrating the configuration of an- 
other example of a holder and depositing substrate, 
whk:h are used in a depositing chamber according 
to an mbodiment of th pres nt invention; 
Fig. 12 is a schematic vl w illustrating the configu- 
ration of an improved disk type ultra-fine particle 
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classifier, which can b employ d for fabricating a 
quantum dot functional structure according to a sec- 
ond embodiment of th pres nt invention; and 
Figs. 13(a) and 13(b) are schematic graphs illustrat- 
ing th relationship betw nth number and diam- s 
eter of the ultra-fine particles classified in each das- 
silying region of the disk type ultra-fine particle clas- 
sifier shown in Fig. 12. 

DESCRIPTION OF THE PREFERRED 10 
EMBODIMENTS 

(Rrst Embodiment) 

[0058] Now, an apparatus for fabricating a quantum is 
dot functional structure according to a first embodiment 
of the present invention will be explained In detail with 
reference to Figs.5 to 11 . 

[0059] Fig.5 is a view Illustrating the overall configu- 
ration of an apparatus for fabricating a quantum dot 20 
functional structure according to this embodiment. The 
apparatus for fabricating a quantum dotfunctional struc- 
ture according to this embodiment principally comprises 
an ultra-fine particle generating chamber 1 01 for gener- 
ating ultra-fine particles, an ultra-fine particle classifying 25 
chamber 102, a depositing chamber 103, and a trans- 
parent nnedium generating chamt>er 104 for generating 
a transparent medium. Here, the ultra-fine particle clas- 
sifying chamber 102 is coupled to the ultra-fine particle 
generating chamber 101 to classify the ultra-fine parti- 30 
cles generated in the ultra-fine particle generating 
chamber 101. The depositing chamber 103 is further 
coupled to the ultra-fine particle ciassilying chamber 
1 02 to allow the ultra-fine particles classified in the ultra- 
fine particle classifying chamber 1 02 to be deposited. 3S 
[0060] Fig. 8 is a sectional view illustrating the config- 
uration of the ultra-^ine particle generating chamber 101. 
As shown in Fig.6, the ultra-fine particle generating 
chamber 101 is configured to have principally a gas 
guide line 21 3 and a self-rotating mechanism 21 5, Here, 
the gas guide line 213 introduces a carrier gas 202 (e. 
g., He gas of a purity of 99.9999%) into the ultra-fine 
particle generating chamber 101 through a mass flow 
controller 201 at a constant mass flow rate Qa (e.g., 1 .0 
(liter/minute)) via gas ejecting openings 214 disposed ^ 
in an annular fonm. The self-rotating mechanism 215 is 
provided with a target holder 206 for fixedly holding a 
semiconductor target 207 (e.g., a single crystal Si wafer 
of surface orientation (1 00), diameter 50mm, and thick- 
ness 0.625mm). In addition, the ultra-fine particle gen- so 
erating chamber 1 01 comprises a condensing lens 203 
and a laser light illumination assembly 21 6 provided with 
a laser light inlet window 204. The condensing lens 203 
is arranged at an angle of 45 degrees relative to the 
transport path of ultra-fine particles to condense pulsed ss 
laser light (e.g., th second-order harmonic of the Nd- 
YGA laser of wav length 532nm) 205. The laser light 
inlet window 204 introduces the laser light condensed 



by th cond nsing I ns 203 into th ultra-fine partici 
generating chamber 101 to radlat th s miconductor 
target 207 fixed on th target hold r 206 with the afore- 
mentioned pulsed laser light. The ultra-fine particle gen- 
erating chamber 1 01 compris s an ultra-fin particle in- 
take pipe 209 extending in the same transport direction 
as that of growth of the ultra-fine particles of an ablation 
plume 208 excited by the pulsed laser light 205. The 
chamber 101 also comprises a pair of viewing windows 
210, 211 for allowing real-time obsen/ation of the abla- 
tion plume 208, etc., and an ultra-high vacuum exhaust 
system 212 mainly comprising a turbo molecular pump 
for pumping the ultra-fine particle generating chamber 
1 01 down to an ultra-high vacuum less than 1 x1 0^ Ton- 
prior to the fabrication of an optically functioning device. 
The ultra-fine particles generated by the excitation of the 
pulsed laser tight 205 are fed out of the ultra-fine partksle 
generating chamber 101 through the ultra-fine particle 
intake pipe 209. 

[0061 ] Fig. 7 is a sectional view illustrating the conflg-i 
uration of the ultra-fine particle classifying chamber 1 02 J 
As shown in Fig.7, the ultra-fine particle dasslfylndf 
chamber 1 02 comprises principally a charging chamber' 
301 coupled to the ultra-fine partk:le generating cham- 
ber 1 01 to Intake and charge the ultra-fine particles gen- 
erated in the ultra-fine particle generating chamber 1 01 . 
The chamber 102 also comprises an ultra-fine particle 
inlet pipe 302 for guiding the ultra-fine particles from the 
ultra-fine partble generating chamber 101 and a differ- 
ential electrical mobility classifier 303, employed as a 
classifier, for classifying the ultra-fine particles fed from 
the ultra-fine particle inlet pipe 302. The chamber 102 
further comprises a mass flow controller 305 for intro- 
ducing a sheath gas 304 into the differential electrical 
mobility classifier 303 and a direct current power supply 
306 forfonnlng an electrostatk: field between the double 
cylinders of the differential electrical mobility classifier 
303. The chamber 102 still further comprises a sheath 
gas exhaust system 308 for exhausting a sheath gas 
and a earner gas exhaust system 309 for exhausting 
part of the carrier gas 202 in conjunction with the clas- 
sified ultra-fine particles classified in the differential 
electrical mobility classifier 303. 
[0062] The charging chamber 301 charges the ultra- 
fine particles, which are generated In the ultra-fine par- 
ticle generating chamber 101 and transported at a flow 
rate of Qa, with a vacuum ultraviolet light source such 
as an exctmer lamp (an Ar2 excimer of wavelength 
126nm). The ultra-fine partteles can be charged using a 
radioactive isotope such as americium 241 (Am 241 ) or 
both the vacuum ultraviolet light source and the radio- 
active isotope at the same time. The ultra-fine particle 
inlet pipe 302 is arranged generally in a straight line from 
the ultra-fine particle generating chamber 101 toward 
the depositing chamber 103 and branched on the way, 
for xampi , Into four qual parts. In this embodiment, 
the differential lectrical mobility classifi r 303 has a 
doublecylinder structure for receiving charged ultra-fine 
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particles from the ultra-f in particl inlet pip 302 to clas- 
sify the ultra-fine particles according to the desired di- 
ameter. The mass flow controller 305 controllably Intro- 
duces th sheath gas 304 (e.g., a He gas of a purity of 
99.9999%) Into the differential electrical mobility classi- 
fier 303 to form a flow of a constant mass flow rat Qc 
(e.g., 5 1/min) inside the differential electrical mobility 
classifier 303. The sheath gas exhaust system 308 is 
controlled by means of a mass flow meter 307 disposed 
at the front stage of a pump via an exhaust pipe of high 
conductance to exhaust the sheath gas with a helical 
pump or the like at the constant mass flow rate Qc. The 
cam'er gas exhaust system 309 exhausts only part of 
the carrier gas 202 flowing at the mass flow rate Qa in 
conjunction with the classified ultra-fine particles classi- 
fied with the differential electrical mobility classifier 303 
using pumps mainly by means of the turi^o molecular 
pump. In addition, the carrier gas exhaust system 309 
is controlled in accordance with the pressure of the de- 
positing chamber, descn'bed later. 
[0063] Fig. 8 is a sectional view illustrating the config- 
uration of the depositing chamber 1 03. As shown in Fig. 
8, the depositing chamber 1 03 comprises principally an 
ultra-fine particle depositing nozzle 401 for ejecting an 
in-coming carrier gas containing classified ultra-fine 
particles and a depositing substrate holder 404. The 
chamber 1 03 also comprises a depositing sut)strate 405 
fixed to the depositing substrate holder 404, and a laser 
Illumination system 430 constituted by a condensing 
lens 406 and a laser light inlet window 407. The chamber 
103 further comprises a target holder 409 and a trans- 
parent medium target 411 arranged therein, and an ul- 
tra-high vacuum exhaust system 412 for pumping the 
depositing chamber 103 down to an ultra-high vacuum. 
The chamber 103 still further comprises a depositing 
chamber gas exhaust system 413 for exhausting differ- 
entially the carrier gas In the depositing chamber 103, 
a micro-ammeter 414 for measuring the exchange of 
electrons between the ultra-fine particles and the depos- 
iting substrate 405 in the depositing chamber 103, and 
a transparent medium depositing nozzle 41 5 for ejecting 
the transparent medium transported from the transpar- 
ent medium generating chamber 104. 
[0064] The ultra-fine particles generated in the ultra- 
fine particle generating chamber 101 are classified into 
those of a single particle diameter in the ultra-fine par- 
ticle classifying chamber 102 and thereafter the ultra- 
fine particle depositing nozzle 401 ejects the incoming 
carrier gas containing the classified ultra-fine particles. 
The ultra-fine particle depositing nozzle 401 is coupled 
with a he ater 402 for maintaining the ultra-fine particle 
depositing nozzfe at a constant temperature and a con- 
troller 403 for controlling the operation of the heater 402. 
The laser illumination system 430 allows exoimer laser 
light 408 to be condensed through the condensing lens 
406 and Introduced into the depositing chamb r 1 03 via 
the las r light inlet window 407. Th target holder 409 
fixes the target 411 excited by the excimer laser light 



408 as well as drivingty rotates the target 411 at a con- 
stant speed (e.g., at 8rpm). 

[0065] In this embodim nt, th target 411 is fomned, 
for example, of th transparent medium target 411 (e. 

5 g., a sintered target of IngOa having a purity of 99.99%, 
a diamet r of 50mm, and a thickness of 3mm). Moreo- 
ver, on the target holder 409, the target 41 1 is anranged 
in parallel to the depositing substrate 405 so as to direct 
the direction of growth of an ablation plume 410 excit- 

10 ediy irradiated with the excimer laser light 408 toward 
the depositing substrate 405. On the depositing sub- 
strate 405, deposited are the ultra-fine particles gener- 
ated from the target 41 1 radiated with the exoimer laser 
light 408 and the transparent medium transported from 

IS ttie transparent medium generating chamber 1 04. The 
ultra-high vacuum exhaust system 41 2 comprises main- 
ly a turbo molecular pump for pumping the depositing 
chamber 103 down to a ultra-high vacuum less than 
1 x1 0~^orr prior to the fabrteation of a quantum dot func- 

20 tional stmcture. The depositing chamber gas exhaust 
system 413 mainly comprises a helk^l pump for ex- 
hausting differentially a canier gas so as to maintain the 
ultra-fine particle generating chamber 1 01 at a constant 
pressure (e.g., 4.0 Ton^). The micro-ammeter 41 4 meas- 

25 ures as an electric cun-ent the electrons to be ex- 
changed when the charged ultra-fine particles classified 
in the depositing chamber 1 03 are deposited on the de- 
positing substrate 405. 

[0066] On the other hand, as shown in Fig. 8, the 

30 transparent medium generating chamber 1 04 principal- 
ly comprises a gas guide system 431 for introducing an 
atmospheric rare gas 417 into the transparent medium 
generating chamber 1 04 and a laser illumination system 
432 constituted by a condensing lens 418 and a laser 

35 light inlet window 41 9. The chamber 1 04 also comprises 
atarget holder 421 and atransparent medium target 422 
arranged thereon, a transparent medium Intake pipe 
424, and a pair of viewing windows 425, 426 for allowing 
real-time observation of an ablation plume 423 or the 

40 like excited by excimer laser light 420. 

[0067] The gas guide system 431 introduces the at- 
mospheric rare gas 417 (e.g., a He gas of a purity of 
99.9999%) Into the transparent medium generating 
chamber 1 04 at a constant mass flow rate QT (e.g., 0.5 

45 p/minj) via a mass flow controller 41 6. The target holder 
421 fixes the target 422 excited by the excimer laser light 
420 as well as drivingly rotates the target 422 at a con- 
stant speed (e.g., at 8rpm). In this embodiment, the tar- 
get 422 is f omied, for example, of a transparent medium 

50 target (e.g., a sintered target of In203 having a purity of 
99.99%, a diameter of 50mm, and a thickness of 3mm). 
Moreover, on the target holder 421 , the transparent me- 
dium target 422 is arranged in parallel to the depositing 
substrate 405 so as to direct the direction of growth of 

55 the ablation plume 41 0 excitedly irradiated with the ex- 
cimer las r light 408 toward the depositing substrat 
405. The transpar nt m dium Intak pip 424 is ar- 
ranged toward th direction of growth of the ablation 
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plum 423 excited by the xcim r laser light 420. 
[0068] Fig. 9 Is a sectional vi w Illustrating the config- 
uration of th quantum dot functional structur accord- 
ing to this embodiment. With reference to Figs.6 to 11, 
explanations will b given the fabricatl nofth quantum s 
dot functional structure, as shown in Fig. 9, with a sec- 
tional structure where high-purity ultra-fine particles 501 
of a single diameter and uniform structure are homoge- 
neously distributed in a transparent medium 502. First, 
to eliminate the effect of damage, contamination or the io 
like prior to fabricating the quantum dot functional struc- 
ture, a valve 310 of Fig. 7 is closed to allow the ultra- 
high vacuum exhaust system 212 of Fig. 6, comprising 
mainly the turtle molecular pump, to pump the ultra-fine 
particle generating chamber 101 down to an ultra-high is 
vacuum less than 1x10"^ Torr, and thereafter the ultra- 
high vacuum exhaust system 212 is closed. 
[0069] At the same time, the ultra-high vacuum ex- 
haust system 41 2 of Fig.8, comprising mainly the turbo 
molecular pump, is allowed to pump the ultra-fine parti- ^ 
cle classifying chamber 102, the depositing chamber 
103, and the transparent medium generating chanrtber 
1 04 down to an ultra-high vacuum less than 1 x1 0-^ Torr, 
and thereafter the ultra-high vacuum exhaust system 

412 is closed. 25 
[0070] Subsequently, the mass flow controller 201 of 
Fig. 6 Is used to Introduce the carrier gas 202 (a high 
purity rare gas, e.g., a He gas of a purity of 99.9999%) 

at the mass flow rate Qa (0.5Il/hiln] in this case) into the 
ultra-fine particle generating chamber 101. 30 
[0071 ] Then , the valves 31 0, 31 1 of Fig. 7 are opened 
to control the depositing chamber gas exhaust system 

413 of Fig. 8, mainly constituted by the helical pump, 
with reference to the pressure of the ultra-fine particle 
generating chamber 101, and differential exhaust is per- 3s 
fomned to maintain the ultra-fine particle generating 
chamber 101 at a constant pressure PI (e.g., 10 Torr). 
[0072] Here, the surface of the semiconductor target 
207 is excited with the condensed pulsed laser light 205 

of Fig. 6 to produce the ablation reaction so as to com- 40 
pletely remove the natural oxide film fomned on the sur- 
face of the semiconductor target 207 and impurities 
such as metallic or carbon compounds adhered to the 
surface of the target. Thereafter, the depositing cham- 
ber gas exhaust system 413 of Fig.8 is closed. At this 45 
point, the iasing of the pulsed laser light 205 is at a 
standstill. 

[0073] As described above, the natural oxide film is 
removed which is fonned on the surface of the semicon- 
ductor target 207. It is thereby made possible to elimi- so 
nate the effect exerted by the oxide film, which may con- 
taminate and is an impurity for the semiconductor ultra- 
fine particle, and the metallic or carbon compounds ad- 
hered to the surface of the target or the like. 
[0074] Then , the carrier gas 202 is changed in its flow 55 
rat and Introduced at a constant mass flow rat Qa(1.0 
[l/min]und r standard condition). At th sam tim ,the 
mass flow controller 305 of Fig. 7 is us d to introduce 



the sheath gas 304 (a high purity rar gas, .g., a He 
gas of a purity of 99.9999%) at the mass flow rat Qc 
(0.5[l/mln] under standard condition) into the diff rential 
electrical mobility classifier 303. 
[0075] Here, th depositing chamber gas exhaust 
system 413 mainly constituted by the helical pump is 
opened to exhaust differentially the carrier gas so as to 
maintain the ultra-fine particle generating chamber 101 
at a constant pressure PI (e.g., 5.0 Ton'). At the same 
time, the sheath gas exhaust system 308, mainly con- 
stituted by the helical pump and provided for the ultra- 
fine particle classifying chamber 102, is opened to con- 
trol the sheath gas exhaust system 308 with reference 
to the reading of the mass flow meter 307 so as to allow 
the mass flow meter 307 to read 5.0 [l/min], thereby ex- 
hausting the sheath gas at a constant mass flow rate Qc. 
[0076] Furthemnore, a valve 312 is opened at the 
same time to exhaust differentially only part of the canier 
gas so as to maintain the depositing chamber 103 at a 
constant pressure P2 (e.g., 2.0 Torr) using the canier 
gas exhaust system 309 controlled with reference to the 
pressure of the depositing chamber 103. At this point, 
the sum of the mass flow rate of the gases exhausted 
through the depositing chamber gas exhaust system 
413 and the carrier gas exhaust system 309 is 1 .0 [1/ 
min], while the ultra-fine partide generating chamber is 
kept at a constant pressure PI (5.0 Torr) and the depos- 
iting chamber is kept at a constant pressure P2 (2.0 
Ton-). 

[0077] Exhaustion of gases by the aforementioned 
means can control the pressure of the ultra-fine particle 
generating chamber 101 at PI , the pressure of the de- 
positing chamber at P2, and the exhaust mass flow rate 
of the sheath gas at Qc With accuracy. 
[0078] Then, the pulsed laser light 205 is lased to be 
introduced into the ultra-fine particle generating cham- 
ber 1 01 . At this time, In the ultra-fine particle generating 
chamt)er 101 , the substance detached and ejected due 
to the ablation reaction from the semiconductor target 
207 excited by the pulsed laser light 205 dissipates its 
kinetic energy into the atmospheric rare gas molecules, 
thereby urging the condensation and growth of the sub- 
stance in the gas and thus allowing the substance to 
grow to ultra-fine particles of a few to a few tens of na- 
nometers. 

[0079] Here, controlling and maintaining the uitrs-fine 
particle generating chamber at a constant pressure PI 
with accuracy by the aforementioned means makes it 
possible to allow the semtoonductor ultra-fine particles 
to condense and grow under the optimum condition. 
[0080] Fig. 1 0 is a sectional view illustrating the con- 
figuration of the charging chamber 301 according to an 
embodiment of the present invention. This charging 
chamber 301 coniprises a vacuum ultraviolet light 
source 351 for generating and emitting ultraviolet light, 
and an optical syst m 353 for condensing vacuum ul- 
traviolet light 352 emitted from the vacuum ultravtolet 
light source 351 and for radiating the charging chamber 
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301 with th light. The high-purity s miconductor ultra- 
fine particles general d in the ultra-fin particle gener- 
ating chamb r 101 are transport d to the charging 
chamber 301, configured as shown in Fig. 10, via the 
ultra-fine particle intak pipe 209 in conjunction with a 
carrier gas flowing at a constant mass flow rat Qa. Th 
high-purity semiconductor ultra-fine particles transport- 
ed to the charging chamber 301 are charged to have a 
single polarity with the vacuum ultraviolet light 352 emit- 
ted from the vacuum ultraviolet light source 351 and 
fomied through the optical system 353. 
[0081 ] The high-purity semiconductor ultra-fine parti- 
cles charged to have a single polarity in the charging 
chamber 301 flow into the differential electrical mobility 
classifier 303 via the ultra-fine particle inlet pipe 302, 
which is anranged at four equal intervals spaced by 90 
degrees. The high-purity semiconductor ultra-fine parti- 
cles that have flown into the differential electrical mobil- 
ity classifier 303 of the double cylinder type are classi- 
fied according to the desired single diameter (e.g., a par- 
ticle diameter of 3.7nm) through the electrostatic field 
established between the inner and outer cylinders with 
the direct current power supply 306 (e.g., at a voltage 
of 2.5V). 

[0082] Here, the mass flow rate of the carrier and 
sheath gases to be introduced through the aforemen- 
tioned means and the mass flow rate of the canier and 
sheath gases to be exhausted are controlled so as to 
be equal to each other, respectively, thereby allowing 
the classification accuracy of the differential electrical 
mobility classifier 303 to approach a theoretical value. 
[0083] Then, the high-purity semiconductor ultra-fine 
particles classified In the differential electrical mobility 
classifier 303 are transported into the depositing cham- 
ber 103 in conjunction with the carrier gas via the ultra- 
fine particle depositing nozzle 401 to be collected and 
deposited on the depositing sut>strate 405. In addition, 
the ultra-fine particle depositing nozzle 401 is controlled 
in temperature by means of the heater 402, which Is con- 
trolled and maintained at a constant temperature (e.g., 
150 degrees Celsius) with the heater controller 403. 
This makes it possible to prevent the ultra-fine particles 
from depositing in the nozzle pipe by making use of the 
thermo-phoresis effect and thus improve the deposition 
efficiency. 

[0084] At this time, the target 41 1 is excited with the 
excimer laser light 408, and the transparent medium 
ejected through the ablation reaction is collected and 
deposited on the depositing substrate 405 at the same 
time the high-purity semiconductor ultra-fine particles 
are collected and deposited on the depositing substrate 
405. 

[0085] Here, controlling and maintaining the deposit- 
ing chamber at a constant pressure P2 (2.0 Ton^) by the 
aforementioned means makes it possible to deposit the 
transpar nt medium under the optimum condition. 
[0086] Furthermore, it is made possibi to maintain 
the pressure P2 at a given value using th canier gas 



xhaust system 309, whtoh exhausts only part of the 
canier gas 202 using a pump mainly by a turtK> molec- 
ular pump and Is controlled in accordance with the pres- 
sure P2 of the depositing chamber. This allows the dif- 

5 ference in pressure betw en PI and P2 to be made 
greater (PI - 5.0Torr, P2 = 2.0 Ton', the difference in 
pressure = 3.0 Ton") than that achieved without the car- 
rier gas exhaust system 309 (PI = 5.0Ton', P2 = 4.0 Torr, 
the difference in pressure = 1 .0 Torr), making it possible 

io to employ the pressure difference more efficiently in the 
transportation of ultra-fine partk:les. 
[0087] As described above, by collecting and depos- 
iting the classified high-purity semiconductor ultra-fine 
particles and the transparent medium at the same time, 

15 it is made possible to fabricate the quantum dot func- 
tional structure, as shown in Fig.9, having a sectional 
structure where the high-purity ultra-fine particles 501 
having a single diameter and uniform structure are ho- 
mogeneously distributed in the transparent medium 

20 602. 

[0088] Incidentally, here, the high-purity semiconduc- 
tor ultra-fine partbles and the transparent medium are 
collected and deposited at the same time in the depos- 
iting chamber 1 03. However, first, the high-purity semi- 

25 conductor ultra-fine parttoles may be deposited from the 
ultra-fine particle depositing nozzle 401 to allow a cer- 
tain amount of the high-purity semiconductor ultra-fine 
particles to be deposited. Thereafter, the transparent 
medium may be deposited on the deposition substrate, 

30 thereby fonning a layer stmcture of the ultra-fine parti- 
cles and the transparent medium. 
[0089] In the aforementioned procedures for fabricat- 
ing, the quantum dot functional structure, laser ablation 
Is performed on the target 411 with the excimer laser 

35 light 408 in the depositing chamber 1 03, thereby depos- 
iting the transparent medium. Unlike these procedures, 
the following procedure may be employed. That is, first, 
the atmospheric rare gas 41 7 (A He gas of a purity of 
99.999%) is Introduced Into the transparent medium 

40 generating chamber 1 04 at a constant mass flow rate 
QT (0.5 l/min) via the mass flow controller 41 6. Then, in 
the subsequent step, the transparent medium target 422 
is excited with the excimer laser light 420 (ArF excimer 
laser of wavelength 193nm) which is condensed 

^ through a condensing lens 41 8 and then introduced into 
the transparent medium generating chamber 1 04 via the 
laser light inlet window 41 9. Thereafter, in the following 
step, the transparent medium captured from the trans- 
parent medium intake pipe 424, whbh is anranged in the 

50 direction of growth of the ablation plume 423 excited 
with the excimer laser light 420, is ejected from the 
transparent medium depositing nozzle 41 5 in the depos- 
iting chamber 1 03 and thus deposited on the depositing 
substrate 405. As described above, upon depositton, it 

55 is made possible to prevent the oxidation of semicon- 
ductor ultra-fin particles s nsitive to the ambient oxi- 
dative atmosphere by perfonning no las r ablation on 
the transparent m dium in the depositing chamber 1 03. 
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[0090] Fig.11 is a view illustrating anoth r xampi of 
th holder 404 and the depositing substrate 405 to be 
used in th depositing chamber 103 according to this 
embodiment. As shown in Fig. 11, the depositing sub- 
strate holder 404 and th depositing substrat 405 ar s 
adapted to be rotatable about the center of the depos- 
iting substrate 405 so as to be parallel or orthogonal to 
each of the ultra-fine particle depositing nozzle 401 , the 
transparent medium target 41 1 , and the transparent me- 
dium depositing nozzle 415. In addition, a direct cun^ent io 
power supply 703 is connected to the depositing sub- 
strate 405 to apply a predetermined voltage thereto. 
[0091] For example, upon alternate deposition, such 
a configuration allows the angle of the depositing sub- 
strate 405 to rotate from the horizontal by 45 degrees in is 
the counterclockwise direction as shown in Rg.1 1 (in the 
direction shown by the anrow SI ) so as to be orthogonal 
to a deposition direction 451 of the ultra-fine particles 
during the deposition of the ultra-fine particles. On the 
other hand, upon deposition of the transparent medium, 20 
the depositing substrate 405 is made horizontal so as 
to be at 45 degrees to both the deposition direction 451 
of the ultra-fine particles and a deposition direction 452 
of the transparent medium, that is, so as to be parallel 
to the transparent medium target 41 1 . It is thereby made 25 
possible to improve the deposition efficiency of the uttra- 
f Ine particles and the transparent medium and distribute 
the deposit homogeneously. 

[0092] In addition, a bias voltage (e.g., 100V) is ap- 
plied to the depositing substrate 405 with a direct cun^ent 30 
power supply 453 to introduce liquid nitrogen into a liq- 
uid nitrogen resenfoir 464 and cool down the depositing 
substrate 405 (e.g., to 100 degrees Celsius), thereby 
making It possible to improve the deposition efftoiency 
of the ultra-fine particles. 35 
[0093] IHere, upon collecting and depositing the high- 
purity semiconductor ultra-fine partk:les, the micro-am- 
meter 41 4 can be used to measure as an electric current 
the electrons exchanged when the classified and 
charged ultra-fine particles are collected and deposited ^ 
on the substrate, thereby making it possible to check 
and control the anrK>unt of deposit of the uttra-f ine parti- 
cles. 

[0094] As descnlied above, it is possible to realize an 
apparatusforfabricatingaquantum dotfunctional struc- ^ 
ture, which comprises the following chambers and 
means. That is, the apparatus comprises a fine particle 
generating chamber for generating fine particles, a fine 
parttole classifying chamber for classifying the fine par- 
ticles generated in the fine particle generating chamber so 
according to the desired particle diameter in a gas, gas 
exhaust means for exhausting the gas that transports 
the fine particles, and transparent medium generating 
means for generating a transparent medium. The appa- 
ratus also comprises a depositing chamber for collecting S5 
the fine particles classified in th fine partici classifying 
chamber onto a substrate as well as collecting th trans- 
parent medium generated by the transparent medium 



generating m ans onto the substrat and depositing th 
classified fin partteles and transparent medium onto 
the substrat . Using such an apparatus for fabricating 
a quantum dotfunctional structure, nm-sized high-purity 
ultra-fine particles having a singl diam ter and uniform 
structure can b fabrteated efficiently with til ir contam- 
ination and damage being alleviated and deposited on 
a deposition substrate. In addition, it is also made pos- 
sible to fabricate an optically functioning device which 
employs as the active layer the quantum dot functional 
structure having the ultra-fine particles distributed ho- 
mogeneously in the stable transparent medium. 

(Second embodiment) 

[0095] Now, as a second embodiment, an explanation 
is given to an improved disk type uttra-fine particle clas- 
sifier which can be employed for the fabrication of the 
quantum dot functional structure according to the afore- 
mentioned first embodiment The first embodiment em- 
ploys the differential eiectrk:al mobility classifier 303 
having a double cylinder structure as the classifier. The 
classifier according to this embodiment is of a type dif- 
ferent therefrom and an improved disk type ultra-fine 
particle classifier. 

[0096] Fig.1 2 is a schematic sectional view illustrating 
the configuration of the disk type ultra-fine particle clas- 
sifier according to the second embodiment of the 
present invention. This disk type ultra-fine particle clas- 
sifier is constructed to have n+1 (where n is an integer 
equalto or greater than 1) disks disposed concentrically 
in parallel to each other. The space between a first disk 
601 and a second disk 602 defines a first classifying re- 
gion 613; the space between the second disk 602 and 
a third disk 603 defines a second classifying region 61 4; 
and similariy, the space between an nth disk 604 and an 
(n-i-1)th disk 605 defines an ntii classifying region 615. 
The first disk 601 has annular gukle slits 606 for intro- 
ducing a canier gas and ultra-fine partk^les into said disk 
type ultra-fine particle classifier at the position of radius 
n . The second disk 602 has first annular slits 607 at the 
position of radius r2 whteh is less than the radius r1 . The 
tiiird disk 603 has second annular slits 608 at the posi- 
tion of radius r3 whrch is less than the radius r2. Simi- 
lariy, the (n-i-l)th disk 605 has nth annular slits 610 at 
the position of radius r(n-i-l) which is less than a radius 
m. 

[0097] in addition, the first disk 601 , the second disk 
602. and the (n-i-1)th disk 605 each have a sheatii 
gas exhaust vent 611 for exhausting a first sheath gas 
617, a second sheatii gas 618, and an nth sheath 
gas 61 9, which flow from the periphery of the disks into 
the first classifying region 613, the second classifying 
region 614 and the nth classifying region 615, re- 
spectively. Underthe (n+1 ) th disk 605, there Is provided 
a cani r gas exhaust v nt 61 2 for exhausting a cani r 
gas and classifi d ultra-fine particles. On th second 
disk 602, the circumference outer than the radius r2 and 
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th first annular slits 607 is divided V rtically into thr 
portions. The upper portion of thethree-way divided por- 
tions can have a positive or negativ direct cunrent volt- 
age applied by a first direct current power supply 620 
thereto, and the lower portion is grounded. Moreover, s 
th middl portion is formed of an insulator 616 for in- 
sulating the upper and lower portions from each other. 
Similarly, on the (n+1) th disk 605, the circumference 
outer than the radius r(n+1) andthe nth annular slits 610 
is divided vertically into three portions. The upper por- io 
tion of the three-way divided portions can have a posi- 
tive or negative direct current voltage applied by an nth 
direct current power supply 622 thereto, and the lower 
portion is grounded. Moreover, the middle portion is 
fomied of an insulator 61 6 for insulating the upper and is 
lower portions from each other. In the disktype ultra-fine 
partkHe classifier, all the constituent portions other than 
the three-way divided portions of each of the disks from 
the aforementioned second disk 602 to the (n+1 )th disk 
605 are grounded. 20 
[0098] Ultra-fine partkHes were classified by the fol- 
lowing operation in the disktype ultra-fine partble clas- 
sifier shown in Fig. 12. The first sheath gas 61 7, the sec- 
ond sheath gas 61 8, and the nth sheath gas 61 9 are 
introduced from the periphery of each disk into the first 25 
classifying region 613, the second classifying region 

614 andthe nth classifying region 615, respectively. 

Each of the introduced sheath gases passes through 
each classifying region in a laminar flow and then is ex- 
hausted from the sheath gas exhaust vent 611. 30 
[0099] On the other hand, charged ultra-fine particles 
are transported by a can-ier gas to be Introduced through 
the annular guide slits 606 provided for the first disk 601 
Into the disk type ultra-fine particle classifier and then 
ejected into the first classifying region 613. In the first 35 
classifying region 613, an electrostatic field is estab- 
lished by the first direct current power supply 620 be- 
tween the first disk 601 and the second disk 602 In a 
direction perpendteularto the direction of the first sheath 
gas fiow. This causes the charged ultra-fine partbles 40 
ejected from the annular guide slits 606 to be defiected 
from the first disk 601 toward the second disk 602 while 
being transported laterally by the first sheath gas 617 
and drawing an orbit according to the electrical mobility 
which is dependent on the number of charges and par- ^ 
tk;le diameter. 

[0100] Only those deflected charged ultra-fine parti- 
cles that have reached the first annular slits 607 provid- 
ed on the second disk 602 are classified through the first 
classifying region 613 and then ejected to the second so 
classifying region 614. In the second classifying region 
614, an electrostatic field is established by a second di- 
rect cunrent power supply 621 between the second disk 
602 and the third disk 603 in a direction perpendicular 
to the direction of the second sheath gas flow. This caus- ss 
es the charged ultra-fin particles j ct d fi-om the first 
annular slits 607 to be deflected from the second disk 
602 toward the third disk 603 while being transported 



laterally by th second sheath gas 61 8 and drawing an 
orbit according to th lectrical mobility which isdepend- 
ent on the number of charges and particle diam ter. On- 
ly those deflected charged ultra-fine particles that have 
reached the second annular slits 608 provided on th 
third disk 603 are classified through the second dassi- 
tying region 61 4 and then ejected to the third classifying 
region. 

[0101] Similarly, in the nth classifying region 615, an 
electrostatic field is established by the nth direct current 
power supply 622 between the nth disk 604 and the 
(n+1) th disk 605 in a direction perpendknjiar to the di- 
rection of the nth sheath gas fiow. This causes the 
charged ultra-fine particles ejected from the (n-1 ) annu- 
lar slits 609 to be defiected from the nth disk 604 toward 
the (n+1 )th disk 605 while being transported laterally by 
the nth sheath gas 619 and drawing an orbit according 
to the electrical mobility which is dependent on the 
number of charges and parttele diameter. Only those de- 
flected charged ultra-fine particles that have reached 
the nth annular slits 610 provided on the (n+1)th disk 
605 are classified through the nth classifying region 61 5 
and then taken out of the cam'er gas exhaust vent 61 2. 
[0102] In the disk type ultra-fine particle classifier 
shown in Fig.1 2, the parameters (hereinafter referred to 
as the classifying parameters) related to the mean par- 
ticle diameter and the classifying resolution of ultra-fine 
particles to be classified include the following parame- 
ters. That is, the parameters include the projected dis- 
tance of the annular slits of the upper portion of a clas- 
sifying region and the annular slits of the lower portion 
of theclassifying region (corresponding to the difference 
of (m-r(n+1 )) In Fig. 1 2). The parameters also include the 
distance between two disks defining a space or a clas- 
sifying region, the direct cun'ent voltage applied be- 
tween two disks defining a space or a classifying region, 
the type of a carrier gas, the flow rate of the carrier gas, 
the type of a sheath gas, the flow rate of the sheath gas, 
and the like. Suppose that the same aforementioned 
classifying parameters are employed for the first classi- 
fying region 613 to the nth classifying region 615. In this 
case, all the classifying conditions become the same 
(the mean parttole diameter and the classifying resolu- 
tion of the ultra-fine particles to be classified). In other 
words, this means that the classifying resolution of the 
ultra-fine particles classified in the first classifying region 
613 Will never be improved even after the ultra-fine par- 
ticles have passed through the second classifying re- 
gion 614 and the nth classifying region 615. 
[0103] In this context, the classifying parameter of 
each classifying region was made changeable, thereby 
making it possible to improve the classifying resolution 
of the ultra-fine particles passing through the multi- 
stage classifying regions. More specifically, made 
changeable were those classifying parameters such as 
th direct cun-ent voltage applied to two disks defining 
a space or a classifying r gion, the flow rat ofacanler 
gas, the fiow rat of a sheath gas, and the type of the 
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sheath gas. Now, a d tailed explanation will b given 
below to a method for Improving th classifying resolu- 
tion of uitra<f Ine particles by changing the classifying pa- 
rameters, 

[0104] Figs.13(a) and 13(b) ar sch matic views illus- 
trating the relationship between th number and diam- 
eter of the ultra-fine particles classified in each dassify- 
ing region. As shown in Fig.1 3(a), for example, the ultra- 
fine particles classified in the first classifying region 61 3, 
strictly speaidng, do not have asingle diameterbut have 
a variance of Adp1 about the mean particle diameter 
dpi . The mean particle diameter of the classified ultra- 
fine particles is dependent on the direct cun^ent voltage 
applied to the classifying region. Therefore, the direct 
current voltage applied to the second classifying region 
614 is slightly shifted toward the negative or positive 
side from the direct current voltage applied to the first 
classifying region 613, thereby malcing it possible to shift 
slightly the mean particle diameter dp2 of the ultra-fine 
particles classified in the second classifying region 614 
from dpi . Accordingly, this causes the variance of Adp2 
about the mean particle diameter dp2 to be slightly shift- 
ed from Adpl . Therefore, for the ultra-fine particles clas- 
sified in the second classifying region, it is possible to 
reduce any one of the variances either of those having 
particle diameters greater than dpi or of those having 
particle diameters less than dpi . 
[0105] Furthennore, as shown in Fig.1 3(b), the direct 
current voltage applied to the third classifying region is 
slightly shifted toward the polarity opposite to the polar- 
ity to which the direct cunrent voltage was shifted in the 
second classifying region 614, thereby making it possi- 
ble to reduce the variance opposite to that reduced In 
the second classifying region. As a result, this has made 
it possible to provide a better classifying resolution than 
that of a disic type ultra-fine particle classifier comprising 
only one-stage classifying region. 
[0106] Incidentally, in the subsequent classifying re- 
gions following the third classifying region, it is also pos- 
sible to improve the classifying resolution by repeatedly 
shifting the applied voltage slightly from that of the clas- 
sifying region in the previous stage in the same manner 
as in the second and third classifying regions. 
[0107] As described above, charged ultra-fine parti- 
cles move at a speed that is dependent on the particle 
diameter (i.e., the electrical mobility) in a direction per- 
pendicular to disks from an upper disk to a lower disk. 
Atthe same time, the partkHes move at a constant trans- 
portation speed in conjunction with a sheath gas toward 
the center of and in parallel to the disks. As a result, the 
ultra-fine particles having a particle diameter distribution 
and ejected from the annular slits of the upper disk into 
the classifying region are distributed in particle diameter 
in parallel to and toward the center of the disks until the 
particles reach the lower disk. Only part of the ultra-fine 
partici s distributed In partlcl diameter are classified 
throughtheannuiarslitsofthelowerdiskandth ntak n 
out. Therefore, to improve the classifying r solution of 



ultra-fin parttel s, the distribution of particle diam t rs 
in parallel to the disks and toward the c nter of the disks 
should be made broader. In oth r words, the flow rate 
of the sheath gas should be made greater to make the 
5 transportation sp ed of tti ultra-fin particles higher. 
[01O8] In this context, in the disk type ultra-fine parti- 
cle classifier shown In Rg. 1 2, tiie f low rate of the sheath 
gas was made changeable in each classifying region 
and the classifying resolution was also made changea- 

10 ble. Furthennore, the flow rate of the second sheath gas 
was made higher than that of the first sheath gas: the 
flow rate of the third sheath gas was made higher than 
that of the second sheath gas; and the flow rate of 
the nth sheath gas was made higher than that of the (n- 

15 1 )th sheath gas, thereby making it possible to gradually 
improve the classifying resolution. As a result, it was 
made possible to provide better classifying resolution 
than that of the disk type ultra-fine particle classifier 
comprising only one-stage classifying region. 

20 [0109] For nm-sized ultra-fine particles, diffusion 
caused by the Brownian movement cannot be neglected 
in their transport process. In the disk type ultra-fine par- 
ticle classifier shown In Fig. 12, the charged ultra-fine 
particles flowing from the annular slits of the upper disk 

25 into the classifying region are subjected to the diffusion 
caused by the Brownian movement until the particles 
reach the lower disk according to their Individual elect- 
rical mobility. The Brownian movement causes the ultra- 
fine particles to diffuse totally at random (i.e., totally in- 

30 dependent of the particle diameter) either in the direc- 
tion of the flow of the sheath gas (i.e., from the periphery 
to the center of the disk) or In the opposite direction (1. 
e., from the center to the periphery of the disk). There- 
fore, the diffusion due to the Brownian movement in the 

35 classifying region causes the classifying resolution of ul- 
tra-fine particles to be reduced. 
[01 1 0] In general, the diffusion coeff blent of the ultra- 
fine partteles subjected to the diffusion due to the Brown- 
ian movement in a gas decreases with increasing vis- 

40 cosity of the gas. In addition, the diffusion coefficient de- 
creases as the collision diameter of the gas atoms and 
molecules increases. Therefore, it is made possible to 
improve the classifying resolution of ultra-fine particles 
by selecting a sheath gas having high viscosity or a gas 

45 having larger collision diameters as the sheath gasflow- 
ing through the classifying region. 
[01 1 1] In tills context, in the disk type ultra-fine parti- 
cle classifier shown in Fig. 12, a He gas was used as 
the first sheath gas 617 in the first classifying region 613 

50 and an Ar gas was used as the second sheath gas 61 8 
in the second classifying region 614. IHere, the He gas 
has a gas viscosity of 1 9.6x 1 Qr^ Pas and a gas atom 
collision diameter of 2,15x1(^^0 ^hile the Ar gas has 
a gas viscosity of 22.3X1 Q-^ Pa-s and a gas atom coili- 

55 sion diameter of 3.5BX 1 0r'^o ^ (where the gas viscosity 
is giv n under a pressure of 1 atm at a temperatur of 
20 deer es Celsius). This made It posslbl t xertl ss 
effect of the Brownian diffijsion on the ultra-fine particles 
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of the second classifying region 614 than those of first 
classifying region 61 3. As a result, it was nrtad possible 
to improve th classifying resolution than that of the disk 
type ultra-fine partici classifier comprising only one- 
stage classifying region. s 
[01 12] Incidentally, It Is made also possibi to further 
Improve the classifying resolution of ultra-fine particles 
by employing, as the sheath gas, a gas of a much higher 
gas viscosity or a much larger collision diameter In the 
third classifying region and the subsequent classifying io 
regions. For example, this can be achieved by using a 
Kr gas (of a gas atom collision diameter of 4.08 XIO'^^' 
m) as the third sheath gas in the third classifying region 
and a Xe gas (of a gas atom collision diameter of 4.78 
X 1 0-10 fx\) as the fourth sheath gas In the fourth class!- is 
fylng region. 

[0113] The flow rate of a canier gas for transporting 
ultra-fine particles also has effect on the classifying res- 
olution of the ultra-fine particles. The carrier gas flows 
into a classifying region from the annular slits of the up- 20 
per disk in conjunction with the ultra-fine particles. A 
higher flow rate of the canier gas would give a higher 
initial speed to the ultra-fine particles, flowing Into the 
classifying region from the upper annular slits, in the di- 
rection from the upper disk to the lower disk. The afore- 25 
mentioned direction of the Initial speed equals to the di- 
rection of the speed caused by the electrical mobility. 
This causes an en-or corresponding to the magnitude of 
the aforementioned initial speed to occur in the distance 
over which the ultra-fine particles move from the upper 30 
to the lower disk, thereby reducing the classifying reso- 
lution. 

[01 1 4] On the other hand, a lower flow rate of the car- 
rier gas would present a problem of the occurrence of 
mutual association and cohesion of the ultra-fine parti- 35 
cles due to the Brownian diffusion. The higher the initial 
concentration of the ultra-fine particles and the smaller 
the Initial particle diameter, the eariier in time the afore- 
mentioned cohesion takes place. I n the process In which 
nm-slzed ultra-fine partfcles generated somehow are 40 
transported to the disk type ultra-fine particle classifier 
shown in Fig.12, a longer time of trEmsportation causes 
the particle diameter to be changed due to the mutual 
association and cohesion of the ultra-fine particles be- 
fore the particles are classified in the disk type ultra-fine 45 
particle classifier. To prevent this from taking place, it Is 
necessary to increase the flow rate of the cam'er gas for 
transporting the ultra-fine particles to shorten the afore- 
mentioned transportation time. 

[01 15] In order to solve the aforementioned mutually so 
contradictory two problems (i.e., a reduction in classify- 
ing resolution at a high flow rate of the carrier gas and 
cohesion taking place at a low flow rate of the carrier 
gas), the flow rates of a carrier gas flowing Into each 
classifying region were made different from each other S5 
In the disk type ultra-fin particI classifi r shown In Fig. 
12. Then, the ultra-fin particles were classified in the 
following procedure. The flow rate of the carrier gas 



flowing from the annular guide silts 606 f the first disk 
601 into the first classifying region 61 3 was made higher, 
thereby preventing th effect of the cohesion taking 
place until the generat d ultra-fine particles are trans- 
ported to the disk type ultra-fine particle classifi r. Th 
particle concentration of the ultra-fine particles classi- 
fied in the first classifying region 613 Is lower than that 
of the particles upstream of the annular guide slits 606. 
That is, the ultra-fine particles classified in the first clas- 
sifying region 613 require a longer time for cohesion 
than the ultra-fine partbles upstream of the annular 
guide slits 606. Therefore, the flow rate of the canier 
gas flowing from the first annular slits 607 into the sec- 
ond classifying region 61 4 was made lower than the flow 
rate of the canier gas flowing Into the first classifying 
region 613, thereby providing an improved classifying 
resolution. As described above, the flow rate of a carrier 
gas flowing in from annular slits was made lowertoward 
the end stage of classifying region, thereby solving the 
problem of mutual cohesion and a reduction In classify- 
ing resolution of the ultra-fine particles. 
[Ql 1 6] Nm-sized ultra-fine partk^les are very sensitive 
to the contamination of impurities due to less number of 
constituent atoms and a high ratio of the number of at- 
onrts exposed to the surface to that of intemal atoms. In 
this context, in the disk type ultra-fine parttele classifier 
shown In Fig. 1 2, the insulator 61 6 was formed of a ce- 
ramic-based substance and all other portions were 
fornied of metal, thereby making it possible to bake the 
ultra-fine particle classifier at high temperatures under 
a high vacuum. This made It possible to keep the Inside 
of the ultra-fine partble classifier dean and prevent im- 
purities fit)m finding their way Into the ultra-fine parti- 
cles. 

[0117] The present invention has been explained in 
tenns of preferred embodiments illustrated in the ac- 
companying drawings. However, it is obvious for those 
skilled in the art that variations and modifications may 
be readily made to the invention. It is to be understood 
that all such variations are intended to be within the 
scope of the invention. 



Claims 

1. An apparatus for fabricating a quantum dot func- 
tional structure comprising 

a fine particle generating chamber for generat- 
ing fine particles, 

a fine particle classifying chamber for classify- 
ing the fine particles generated in said fine par- 
ticle generating chamber according to a desired 
partble diameter in a gas, 
gas exhaust means for exhausting a gas for 
transporting said fin particles, 
transpar nt medium generating means for gen- 
erating a transparent medium, and 
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a depositing chamber fore llectingthefin par- 
tial sclassifi d in said fine particle classifying 
chamber onto a substrate as w II as for collect- 
ing th transparent medium generated by said 
transparent medium gen rating means onto s 
said substrate and for depositing said classified 
fine particles and said transparent medium onto 
said substrate. 

2. The apparatus for fabricating a quantum dot func- io 
tional structure according to claim 1 , wherein trans- 
parent medium generating means Is composed of 
first transparent medium generating means ar- 
ranged in the depositing chamber, and a second in- 
dependent transparent medium generating cham- is 
ber. 



toobs rv fluorescent light. 

10. Th apparatus for fabricating a quantum dot func- 
tional structure according to claim 1 , further com- 
prising an ultra-fine partici classifier wher in a 
classifying region employs a space defin d be- 
tween two concentric disks, spaced apart from each 
other and arranged in parallel to each other; 
charged ultra-fine particles are classified in said 
classifying region by making use of electrical mobil- 
ity being dependent on a particle diameter of 
charged particles upon application of an electrostat- 
ic field thereto In a viscous fluid; and three or more 
of said concentric disks are arranged to thereby 
constitute said classifying region by two or more 
multi-stages. 



3. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1 , wherein the 
fine partble generating chamber, the fine particle 
classifying chamber, and a transport path of fine 
particles in the depositing chamber are constructed 
on a straight line. 

4. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1 , wherein a 
pressure of the fine particle generating chamber 
and a pressure of the depositing chamber are con- 
trolled independently. 

5. The apparatus for fabricating a quantum dot func- 
tional structure according to daim 1 , wherein the 
gas exhaust means is controlled in accordance with 
a pressure of the depositing chamber. 

6. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1 , wherein the 
substrate in the depositing chamber is rotatable 
with respect to a direction of deposition of the fine 
partk:les and transparent medium. 

7. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1, further com- 
prising a temperature control mechanism being ca- 
pable of maintaining a transport path of fine parti- 
cles at a constant temperature. 

8. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1, wherein at 
least one of the fine particles and the transparent 
medium is generated using laser ablation, and a 
plasma plume produced upon generation is ob- 
sen^ed using a charge coupled devtee. 

9. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1, wherein at 
least on of th g n rated fine parttoles and th 
transparent medium is. radiated with ultraviolet light 



11. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 1 0, wherein a di- 

20 rect cunent voltage can be individually applied to 
each stage of a multi-stage classifying region. 

12. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 10, wherein a 

25 disk for partitioning the multi-stage classifying re- 
gion is provided with slits for allowing a carrier gas 
to flow from one classifying region Into another clas- 
sifying region. 

30 13. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 12, wherein the 
earner gas flows at different flow rates into each 
stage of the multi-stage classifying region. 

35 14. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 12, wherein as 
the number of stages of the multi-stage classifying 
region increases, a flow rate of the carrier gas flow- 
ing into each stage decreases. 

40 

15. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 10, wherein a 
sheath gas flows from a periphery portion of the disk 
toward a central portion of the classifying region. 

45 

16. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 15, wherein dif- 
ferent types of the sheath gas are employed in each 
stage of the multi-stage classifying region. 

50 

17. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 15, wherein as 
the number of stages of the multi-stage classifying 
region increases, viscosity or a collision diameter of 

55 the sheath gas of each stage increases. 

18. Th apparatus for fabricating a quantum dot func- 
tional structure according to claim 15, wherein the 
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Sheath gas flows through each stag of the multi- 
stage dassifying r gion at diff rent flow rates. 

19. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 18, wh rein as 5 
the number of stages of the multi-stage classifying 
region Increases, a flow rate of the sheath gas flow- 
ing Into each stage increases. 

20. The apparatus for fabricating a quantum dot func- 
tlonal structure according to claim 10, wherein the 
disk is fomned of ceramic-based Insulator and met- 
al, 

21. The apparatus for fabricating a quantum dot func- 
tionai structure according to claim 1 , having an ul- 
tra-fine particle classifier comprising: 

a plurality of disks, arranged concentrically in 
parallel to each other, for defining therebe- ^ 
tween a multi-stage classifying region for clas- 
sifying the ultra-^ine partbles; 
slits, formed on said disks, for introducing a car- 
rier gas and the ultra-fine partbles into a sub- 
sequent stage classifying region through each 25 
of the disks, 

a sheath gas exhaust vent, provided at an axis 
portion of each disk, for exhausting the sheath 
gas flowing from a periphery of each disk into 
each classilying region, and 30 
a earner gas exhaust vent, provided on a lower 
portion of the last stage disk, for exhausting a 
carrier gas and classified ultra-fine partbles, 
said ultra-fine particle classifier classifying 
charged ultra-fine partk:les in said classifying 3s 
regions. 

22. The apparatus for fabricating a quantum dot func- 
tional structure according to claim 21 , wherein a cir- 
cumferential portion of the disk outer than the slits 40 
is divided into three portions vertically with respect 

to a surface of the disk, an upper portbn of the 
threeway divided portion of said disk having a di- 
rect cun^ent voltage applied thereto, the lower por- 
tion thereof being grounded, and the middle portion 
thereof being constructed to electrically insulate the 
upper and lower portions from each other. 

23. A quantum dot functional structure fabricated by the 
apparatus for fabricating a quantum dot functional so 
staicture according to any one of claims 1 to 10. 

24. An optteally functioning devk^e employing the quan- 
tum dot functional structure according to claim 23 

as an active layer. ss 

25. A method for fabricating a quantum dot functional 
structure comprising the steps of: 



generating fine partbles, 
classifying said fine partteles generated ac- 
cording to a desired particle diamet r in a gas, 
exhausting the gas for transporting said fine 
partrcl s after said classifying step, 
collecting said classified fine particles onto a 
substrate and generating a transparent medi- 
um at the same time, and 
depositing said classified fine particles and said 
transparent medium onto said substrate at the 
same time. 

26. The method for fabricating a quantum dot functional 
structure according to claim 25, wherein the trans- 
parent medium is generated using, at the same time 
or alternately, any one of or both first transparent 
medium generating means, disposed In a deposit- 
ing chamberf or depositing the fine partk;les and the 
transparent medium, and second transparent me- 
dium generating means arranged independentty. 

27. The method for fabricating a quantum dot functional 
structure according to claim 25, wherein the fine 
particles and the transparent medium are controlled 
independentiy of each other so that each pressure 
upon generation thereof becomes optimum at the 
same time, and thereby generated. 

28. The metiiod for fabricating a quantum dot functional 
structure according to claim 25, wherein the gas for 
transporting fine partcles is exhausted, after the 
step of classifying the fine partk:les, In accordance 
with a pressure of the depositing chamber for de- 
positing the fine particles and the transparent me- 
dium onto the substrate. 

29. The method for fabricating a quantum dot functional 
structure according to dalm 25, further comprising 
the step of maintaining a path of tiie fine particles 
at a constant temperature after the step of classify- 
ing the fine partk:les. 

30. Themethodforfabricatingaquantum dotfunctional 
structure according to daim 25, further comprising 
the step of ot>serving, using a charge coupled de- 
vice, a plasma plume produced when at least one 
of the fine particles and tiie transparent medium Is 
generated using laser ablation. 

31 . The method for fabricating a quantum dot functional 
structure according to claim 25, further comprising 
the step of obsen/ing fluorescent light from said fine 
partldes and said transparent medium, emitted 
when at least one of said fine partteles and said 
transparent medium is radiated with ultraviolet light 
upon generation thereof. 

32. A quantum dot functional structure fabricated by the 
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method for fabricating a quantum dot functional 
structure according to any on of claims 25 to 31 . 

33. An optically functioning device employing th quan- 
turn dot functional stru^ur according t claim 32 s 
as an active layer. 
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Fig. 2 
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Fig. 6 
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Fig. 7 
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Fig. 8 




26 



EP 1 139 438 A2 




ig.lO 





27 



EP 1 139 438 A2 



Fig. 11 
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Fig. 13(a) 
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Fig. 13(b) 
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